We have applied Lie algebraic model to distorted structure molecules to determine the vibrational spectra of dierent stretching and bending vibrational modes. The the Lie algebraic model of the Hamiltonian expression is
Introduction
Molecular spectroscopy is an area of active interest from many standpoints. Due to its numerous connections with other scientic areas, this branch of modern physics is playing an essential role in both experimental and theoretical approaches [1] to understanding a huge number of important problems. In recent years, molecular spectroscopy [2] has been going through an exciting time of renewed interest [37] which, once again, is being fueled by the rapid development of sophisticated experimental approaches. The algebraic methods have been found to be very much useful in the study of vibrational spectra of medium and large molecules using the Lie algebra, especially after the development of quantum mechanics in the rst part of 20th century. The interesting area of current research in molecular physics is to interpret the experimental data with the help of theoretical models. U(4) and U(2) algebraic model been used so far in the analysis of experimental data [8] . The Lie algebraic approach has been successfully applied to the study of the vibrational frequencies of HCN, HCCF, HCCD, tetrahedral and nickel metalloporphirins. The stretching vibrations of some polyatomic molecules like n-alkane molecule and polyethylene have been described using U(2) algebra.
In order to deal with these problems, a local mode method contrasted with the usual normal mode analysis has been developed. The theoretical description of the observed features has so far mostly focused on the study of the stretching modes but not the bending modes.
Thus, the theoretical studies of excited vibrational states of molecules provide new challenges.
In this paper, we have applied the algebraic methods to the study of the vibrational energy levels of distorted structure of nanomolecules and compare results with experimental values. degrees of freedom of the physical system. Within this framework, any specic mechanism relevant to the correct characterization of the molecular dynamics and spectroscopy can be accounted for. The algebraic methods [9] are formulated in such a way that they contain the same physical information of both ab initio theories ( and other molecules. In this paper we concentrate only on the study of C 80 molecule. The C 80 has been termed as one of the three missing fullerenes due to its extremely low abundance in the HumanKratschmer soot. Recently, however, two C 80 isomers were synthesized by Dennis and Shinohara, as a byproduct of the latter's work in generating endohedral metallofullerenes [14] . One of these was rst noted as a very-late-eluting fraction in HPLC separations using buckyprep columns; analysis with CNMR established its D 5d symmetry ( Fig. 1 ) [15] .
It was felt that this species would be an ideal subject for photo-physical analysis. Its strong retention on HPLC columns helps to keep it free from contamination by fullerenes of dierent mass, and by isomers of dierent structure. Moreover, its structure is directly related to C 60 and C 70 via an extension of the famous ten-carbon--addition sequence: 
can be put into one to one correspondence with the rep- The eigenvalues of h arē
Introducing the vibrational quantum number ν = (N − m)/2, Eq. (2) can be rewritten as
or N − 1/2 (N = even or odd).
The value of C 0 , A, and N are given in terms of µ, D and α The algebraic model Hamiltonian [18] we consider is 
while the operator M ij has both diagonal and non--diagonal matrix element,
Equation (6) 
For a particular polyad, the total vibrational quantum 
Results and discussions
We have used U (2) 
where ω e and ω e χ e are the spectroscopic constants of diatomic molecules of stretching interaction of the molecule considered. This numerical value must be seen as initial guess; depending on the specic molecular structure, one can expect changes in such an estimate, which, however,
should not be larger than ±20% of the original value [Eq. (8)]. The vibron number N between the diatomic molecules CC are 140. From Fig. 1 , it is noticed that some of the bonds are equivalent. It may be noted that during the calculation of the vibrational frequencies of fullerene C 80 and C 80 O, the value of N is kept xed and not used as free parameter.
The second step is to obtain a starting guess for the parameter A. As such, the expression for the single--oscillator fundamental mode as
In the present case we have dierent energies, corresponding to symmetric and antisymmetric combinations of the dierent local modes. A possible strategy is to use the center of gravity of these modes, so the guess for
The third step is to obtain an initial guess for λ. Its role is to split the initially degenerate local modes, placed here at the common value E used in Eq. (9) . Such an estimate is obtained by considering the simple matrix structure, we can nd
A numerical tting procedure to adjust (in a least--squares sense, for example) the parameters A and λ starting from values Eq. (10) and Eq. (11), and A ′ (whose initial guess can be zero).
To get an estimation of the precession of both observed and calculated data, we use standard deviation (SD) denoted by σ at the bottom of two tables
where o is the number of observed data and p is the number of parameters used in the tting.
The tting parameters used in the study of vibrational spectra of buckminsterfullerene (C 80 ) is given in Table I. TABLE I Fitting parameters used in the study of fullerene (C80).
Vibron number Stretching algebraic parameters [cm Hence, the results of our calculation on C 80 considering its both structural and vibrational properties by algebraic method and comparing the results obtained by semi-empirical PM3 [20] calculations, establish the nearest precision.
We hope that this work will stimulate further research in analysis of vibrational spectra of other nanomolecules like protein molecules where the algebraic approach has not been applied so far.
